Purpose To evaluate the long-term intraocular pressure (IOP) control of eyes that developed an encapsulated bleb (EB) following trabeculectomy. Methods Between 1994 and 1995, 25 eyes developed EBs and were randomized to medical treatment or needling without adjunct antimetabolites. Among the 25 patients who developed an EB, 21 were followed for at least 6 months. A control group of 21 consecutive eyes, which underwent trabeculectomy during the same period and that did not develop EBs was retrospectively selected. Success was defined as IOP o21 mmHg with or without medications. Kaplan-Meier survival analysis was performed to compare the groups. Results Among the 21 eyes that developed EBs, 12 (57%) had undergone transconjunctival needling and nine (43%) had received medical treatment. Mean follow-ups were 30.0714.0 months, 33.3718.5 months, and 37.472.6 months for the needling, medical treatment, and control groups, respectively (P ¼ 0.19). Kaplan-Meier survival curves demonstrated that the control group showed a significantly lower chance of failure than both the needling and the medical treatment groups (Po0.0001). Conclusion Encapsulated blebs may be associated with an increased risk for surgical failure.
Introduction
Encapsulated blebs (EBs), also known as Tenon's cysts, are highly elevated, localized blebs, with prominent surface vessels and a patent sclerostomy on gonioscopy. They normally occur 2-4 weeks following filtering surgery and are frequently associated with increased intraocular pressures (IOPs). [1] [2] [3] [4] [5] Different treatment modalities have been suggested to reduce the IOP of eyes with EBs, including the use of aqueous humor suppressors, 6 -10 digital massage, [6] [7] [8] [9] [10] transconjunctival needling, [11] [12] [13] [14] and surgical revision of the bleb. 11, 12, 15 Medical treatment with aqueous humor suppressors has been shown to be successful in controlling the IOP immediately after the development of an EB. [11] [12] [13] 15 Some have reported disappointing results when needling is performed without adjunct antimetabolites, 10, 12 whereas others have observed success rates of up to 87.5% when transconjunctival needling is associated with 5-fluouracil (5-FU) or mitomycin-C (MMC). [16] [17] [18] [19] However, the long-term follow-up of patients developing EBs has not been sufficiently investigated. The purpose of this study is to evaluate the IOP control of eyes that developed an EB following trabeculectomy.
Materials and methods
Between January 1994 and December 1995, 282 trabeculectomies were performed at the Glaucoma Service of University of Campinas, Brazil. Among the 282 eyes, 25 (8.9%) developed EBs and were randomized (as soon as the diagnosis was made) to medical treatment with aqueous humor suppressors or transconjunctival needling without adjunct antimetabolites. The EBs were diagnosed 5.273.1 weeks after surgery in the medical treatment group and 4.171.1 weeks after guarded filtration procedure in the group undergoing the needling procedure (P ¼ 0.679). The methods and the results of this prospective, randomized study have been previously reported. 10 The needling procedure was performed by the same ophthalmologist (VPC) as described by Pederson and Smith, 11 with a few modifications. A lid speculum was placed between the lids. Under topical anaesthesia, balanced salt solution was injected subconjunctivally adjacent to the EB through a 27-gauge needle attached to a 1 ml syringe. The same 27-gauge needle was used to transfixate and open a 2 mm incision in the fibrous wall of the EB. The needle was then withdrawn, topical antibiotic drops were instilled, and a patch was applied to the eye for 24 h.
Among the 25 patients who developed EBs and were included in the previous study, 10 21 were followed for at least 6 months at the University of Campinas. Four of the 25 patients did not return for follow-up and were excluded from the study. In order to evaluate the longterm IOP control of eyes with EBs, a control group of 21 eyes which underwent trabeculectomy and did not develop EBs was elected. This control group was retrospectively selected, was constituted by consecutive eyes that underwent trabeculectomy during the same period and by the same surgeons, and was not included in the previous publication. 10 Mean IOP and mean number of antiglaucoma medications in each group were compared using analysis of variance (ANOVA). Success was defined as IOPo21 mmHg with or without antiglaucoma medications. Failure was defined as IOP421 mmHg or when a new glaucoma surgery was indicated to improve IOP control. Between-group comparisons were performed using the w 2 test or the Fisher's exact test for categorical data. Kaplan-Meier statistical survival analysis was performed to compare the groups. P-values of less than 0.05 were considered statistically significant. This study was approved by the Ethics Committee of the University of Campinas.
Results
Among the 21 eyes that developed EBs, 12 (57%) had undergone transconjunctival needling and nine (43%) had received medical treatment. Table 1 displays the demographics of all groups. There was no statistically significant difference regarding the mean age, and the distribution of gender and race among the groups. Adjunct antimetabolites (MMC or 5-FU) had been used in five eyes (42%) of the needling group, four eyes (44%) of the medical treatment group, and five eyes (24%) of the control group (P ¼ 0.49). Mean follow-up was 30.0714.0 months for the needling group, 33.3718.5 months for the medical treatment group, and 37.472.6 months for the control group (P ¼ 0.19). Furthermore, the number of eyes with previous intraocular surgery was similar between the groups (P ¼ 0.64). Table 2 lists the preoperative and postoperative IOP measurements in each group at different time intervals. Mean IOP was significantly higher in the needling group (19.874.1 mmHg) than in the medical treatment (14.074.7 mmHg) and control groups (12.473.4 mmHg) (Po0.0001) six months following trabeculectomy. There was no statistically significant difference in mean IOP values between the groups at all other time intervals. Table 3 compares the mean number of medications used in all groups during follow-up. Preoperatively, the mean number of medications used by the three groups did not differ statistically. From the sixth postoperative month on, patients developing EBs required significantly more antiglaucoma medications than the control group. Patients who required new surgical interventions to Eye lower the IOP were excluded from these analyses from the time surgery was performed. Among the patients with EBs undergoing needling, the success rates were 100% at 6 months, 58% at 1 year, 54% at 2 years, 37% at 3 years, and 14% at 4 years. Among the patients with EBs undergoing medical treatment, the success rates were 100% at 6 months, 100% at 1 year, 71% at 2 years, and 67% at 3 and 4 years. In the control group, the percentage of patients classified as successful were 100% at 6 months, 95% at 1 year, 90% at 2 years, 86% at 3 years, and 81% at 4 years.
Kaplan-Meier survival curves comparing the needling and the medical treatment groups demonstrated a tendency for a higher risk of failure in the needling group (P ¼ 0.054) (Figure 1 ). When the control group was compared to the groups developing EBs, Kaplan-Meier analysis showed a significantly higher chance of failure in both the needling and the medical treatment groups (Po0.0001) (Figure 1 ).
Discussion
The primary management of bleb encapsulation has been to restart medical therapy, with several studies suggesting that this approach is highly successful in maintaining adequate IOP control. [7] [8] [9] [10] 15 We performed a study that enrolled 25 patients with EBs, 10 who were randomized to either needling (n ¼ 14) or medical treatment with aqueous humor suppressants (n ¼ 11). After a mean follow-up of 9.6 months, medical treatment alone was successful in maintaining IOPo21 mmHg in 10 patients (91%), whereas needling alone was successful in one patient (7%) (P ¼ 0.00003). In the needling group, 93% of the eyes required aqueous humor suppressants to improve IOP control. At the last follow-up examination, there was no statistically significant difference between the mean number of medications in both groups (P ¼ 0.79).
Recently, Mandal 15 conducted a retrospective study of 503 patients who had undergone trabeculectomy performed over a 5-year period, and had been followed up for at least 1 year. The authors identified 18 eyes (4%) that developed EBs. MMC-augmented (0.4 mg/ml for 3 min) excisional bleb revision was performed in cases of failed medical therapy. In all, 15 (83%) of 18 eyes responded to conservative management and three eyes (17%) required MMC-augmented excisional bleb prospectively studied 90 eyes that underwent trabeculectomy and were followed-up for at least 3 months. The authors found clinical characteristics of encapsulation in 29 eyes (32%) and observed that EBs were significantly associated with an increased failure rate (21%) when compared to normal blebs (5% failure rate) (Po0.001).
According to data from the Advanced Glaucoma Intervention Study, 22 the 4-week postoperative mean IOP was higher in eyes with than without EBs. With the resumption of medical treatment, the two means converged after 1 year. Richter et al 1 reported a similar difference between the IOPs of eyes that developed EBs and eyes that did not develop this complication during the first few weeks after trabeculectomy. At 1 week, mean IOP was 2.3 mmHg higher in eyes with EBs, with the difference increasing to 10.2 mmHg at 3 weeks, and decreasing to 3.0 mmHg at final examination.
However, there are few studies in the literature evaluating the long-term follow-up of eyes that developed EBs after filtering surgery. Despite the small number of patients included in each group, our findings confirm that EBs are associated with a greater risk for surgical failure. We observed that 100% (12/12) of the eyes that underwent needling needed hypotensive medication for IOP control at the 6th month of follow-up. Although all patients achieved IOP control at the 6th month, the mean IOP was higher in the needling group than in the medical treatment and control groups (Po0.0001). Among the 12 eyes that underwent needling, five (42%) maintained IOPs above 21 mmHg and needed a new surgical intervention during the first year of follow-up. Among the nine eyes that received aqueous suppressants as initial treatment, none required a new surgical intervention during the first year, indicating that IOPs are adequately controlled with medication early after the development of EBs. However, patients who did not present EBs required less medication for IOP control during all the follow-up (Table 3) . Furthermore, KaplanMeyer survival curves demonstrated significantly higher risks for failure in eyes developing EBs, regardless of the type of treatment they were submitted to (needling or medical therapy). After 48 months of follow-up, patients with EBs receiving medical treatment had a 33% chance of failure, whereas the needling group and the control group had 86 and 9% chance of failure, respectively (Po0.0001) (Figure 1) .
It is possible that an invasive procedure, such as needling, can induce a strong fibroblastic proliferation, quickly scarring the openings of the capsule's wall, hindering the development of a functioning bleb, and probably compromising future procedures that could be necessary. This may explain the higher need for new surgeries in this group during the early postoperative period. Even those eyes that presented EBs and received antiglaucoma medication as initial treatment showed a higher risk for surgical failure. We hypothesize that the long-term use of aqueous humor suppressants may affect the bleb's function, 8 by decreasing the amount of aqueous flowing to the subconjunctival space. Finally, it is possible that the wound healing process that leads to the development of an EB is per se associated with an increased proliferation of fibroblasts, facilitating the scarring of the filtration site.
Some authors have reported that multiple needle revisions are sometimes required. [11] [12] [13] It is possible that repeated needling might have improved our results. However, repeated needling procedures without antimetabolites may stimulate fibroblastic proliferation even more, and may increase the risk of endophthalmitis, choroidal detachment, and shallow anterior chamber. Some authors suggested that needling with adjunctive 5-FU or MMC may inhibit fibroblastic proliferation, increasing the success rates of this procedure. 12, 13 BenSimon and Glovinsky 19 reported a 76% success rate of needling with MMC in 41 eyes 6 months after the procedure. Mardelli et al 16 reviewed the charts of 62 eyes with failed filtering blebs that underwent needle revision using MMC and observed that the IOP decreased from 24.176.4 mmHg before needling to 11.574.8 mmHg at the last follow-up. Recently, Iwach et al 17 reported a 71.6% success rate (IOP reduction of at least 30% without medication) of needling with transconjunctival application of MMC with a sponge in 42 eyes after 2 years of follow-up. However, all these series included eyes with flat, failing blebs, which may respond differently to the procedure when compared to eyes with EBs. Allen et al 18 performed the only retrospective study investigating the efficacy and safety of needling with adjunctive 5-FU in eyes with EBs. The authors reviewed a series of 32 eyes followed for 10.772.9 months and observed a success rate (IOPr18 mmHg with or without medication) of 87%. Nevertheless, there is no long-term, prospective study investigating the success rates of needling with adjunctive 5-FU or MMC in eyes with EBs.
Our findings indicate that EBs are associated with an increased risk for surgical failure. Long-term, randomized studies are needed to investigate whether needling with 5-FU or MMC may enhance the survival of EBs.
